ABSTRACT
INTRODUCTION
Anemia is one of the health problems in the world. Based on WHO surveys of 1993 WHO surveys of -2005 , the prevalence of anemia in the world has reached 1.62 billion and can be experienced by various age groups ranging from pediatric groups to geriatric groups. WHO data from [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] shows that some regions in Indonesia, including Bali, East Java and Bogor, have a high prevalence of anemia (WHO, 2008) . National Health Survey (Riskesdas) conducted in 2013 showed that the national proportion of anemia in Indonesia was of 21.7% (Ministry of Health, 2013) . A study in China showed that the population of anemia at the age between 40 and 60 years is of 35.3% and was increasing in the geriatric group age (> 60 years) (Zhai et al., 2010) . This signifies the importance of conducting a study on the age range between 40 and 60 years so that the results of this study can be used for early detection.
Anemia is a condition of iron deficiency that can be detected through the hemoglobin (Hb) level (Zimmermann et al., 2008) . Some international studies have shown that the prevalence of anemia is quite high in rural areas. The study of Alvarez-Uria et al. (2014) in India showed an increasing prevalence of anemia in rural areas which increases with age. Another study in Karnataka Village by Baliga et al. (2014) showed that ¾ subjects of the study had anemia. Studies on the number of anemia cases in rural areas of Indonesia have not been widely published and the results of Riskesdas in 2013 did not show the data as well. This underlies the need to look at the data of the prevalence of anemia in rural areas in this study.
Generally, communities in rural areas do not have access to adequate medical examinations either due to the lack of medical professional or economic factor, including in Indonesia (WHO, 2008; Bailey, 2009) . WHO data in Indonesia showed that the implementation of health technology in rural areas is difficult to conduct because of the lack of medical professionals and economic problems (WHO, 2008) . This is one of the causes of the difficulty to examine the Hb levels as a factor of anemia in rural areas. Anthropometric measurements are necessary for early detection of anemia risk factors especially in rural areas. Anthropometric measurements have several advantages for detecting a disease which are non-invasive methods, no requirements of attending medical professionals at the time of the measurement, and affordable costs. Anthropometric measurements have several criteria including body mass index (BMI), waist circumference (WC), hip circumference, waist and hip circumference ratio (WHR), arm circumference, skinfold thickness, and body fat percentage (BFP) (Bhowmik et al., 2009) .
Anthropometric measurement studies have been widely conducted internationally (especially BMI) and show a significant Dita Maria Virginia and Fenty correlation between anthropometric measurements and risk of anemia (Chang et al., 2014; Hausman et al., 2011; Saxena et al., 2011) . However, studies in Indonesia related to anthropometry and anemia have not been conducted. One of the studies found only showed that women with anemia had lower BMI, WC, and hip circumference (Briawan and Hardiansyah, 2010) . Thus, this study is needed to observe other anthropometry parameters in relation to the correlation with anemia.
Therefore, it is necessary to do a similar study which is about the correlation of anthropometric measurements to the risk of anemia in rural areas. The target findings of this study are predictive measurement of anemia in Indonesia through simple anthropometric measurements, without the need for expert assistance, and non-invasive as well as economical for the rural communities in particular.
METHODS
This was an analytical observational study using a cross sectional design. This study observed about correlation between BMI, waist circumference (WC), waist hip ratio (WHR), and body fat percentage (BFP) on Hb level (anemia status). The subjects of this study were the residents of Cangkringan, Sleman, D.I. Yogyakarta. The inclusion criteria of the subjects of the study were residents of Cangkringan who were between 40 and 60 years old. The exclusion criteria include patients who refused to take blood samples. The subjects of the study would be selected using a random sampling cluster technique. The sample size was 100 which was calculated based on the population proportion (P = 50%), confidence level (90%), confidence interval (10%), design effect (2%) and attrition rate (15%).
The instruments used were stationery and questionnaire to record the identity of subjects; weight scales, height gauges, skinfold gauge to perform the anthropometric measurements. The weight scales, height and skinfold gauge have been previously calibrated. Hemoglobin measurement was conducted using the Cobas C581® tool. BMI is the calculation results of body weight (kg) / (height) (m) x height (m)), WHR is the ratio of waist circumference / hip circumference, and BFP is the measurement of skin folds from 3 points of the body that are on the suprailliac, abdomen, and triceps. Anthropometric parameters are categorized as presented in Table I .
A preliminary study was conducted and a random sampling was carried out for the study. The first step was obtaining the permit of the study from the bureaucracy in Bappeda office of Sleman Regency. The ethical clearance was obtained from the Faculty of Medicine of Gadjah Mada University. The participation of the subjects of the study was based on a voluntary basis by first signing the informed consent. The study started by interviewing the patients in relation to their identity, weight measurement, height measurement and continued by collecting the patients' laboratory data by the analysts. The laboratory data collected were in the form of hemoglobin levels. The descriptive analysis was conducted to determine the prevalence of anemia and the characteristics of respondents. Normality test was conducted using Kolmogorov Smirnov and the results showed that almost all data were not normally distributed (p <0.05); only the BFP and the Hb levels were normal. A comparative analysis to observe the difference in proportion between anthropometric parameters and mean of Hb was conducted using Mann-Whitney. The correlation analysis to observe the relationship between anthropometry and Hb levels was conducted using Spearman.
RESULTS AND DISCUSSION
In this study, only 5 respondents experienced anemia. That is the reason why the data analysis and discussion will give more emphasis on the Hb issue, not the status of anemia experienced. Only 5% of the population is included in the anemia status because the subjects of the study live in mountainous areas. People who live in the plateau or in the mountainous areas have higher Hb levels than the people in the lowlands. This is due to the low oxygen pressure on the plateau so the body compensates with the increase in hemoglobin which enables the body to bind more O2. This becomes a separate note for the subsequent study to assess the anemia status not only based on Hb levels but also Fe levels (Windsor and Rodway, 2007) . Table II shows the characteristics of all respondents of the study. In Table II , 78% of the respondents are between 41 and 50 years old, most of them have a normal anthropometry as seen from BMI (53%), waist circumference (63%) and BFP (81%). However, if it is seen from the WHR, 52% of the respondents are including on obese condition. The mean value of BMI and WHR parameters show that both female and male respondents are in obese condition. Table III shows that the BMI does not show significant difference between hemoglobin levels in BMI group <25 kg/m2 and >25 kg/m2 (p=0.153). In addition, Hemoglobin levels do not differ significantly between the normal anthropometric group and the obese group based on the WC parameter (p=0.491) and BFP (p=0.847). The Whr parameter is the only anthropometric parameter showing a significant proportion of difference between Hb levels in the normal WHR group with the WHR group that show obesity with p=0.002. Since it is inconclusive, this study will continue with Spearman test to determine the direction of the correlation between WHR and Hb level. Results from median values show that the obese group based on BMI, WHR, and BFP has higher Hb levels than the normal group.
The results of the study show no correlation between BMI and BFP on the hemoglobin level (p>0.05). The absence of correlation between BMI and hemoglobin levels is consistent with previous studies suggesting that obesity with BMI parameters did not show differences between the obese and the normal groups towards the Hb levels, but the study was specific to anemia in chronic disease (Ausk and Ioannou, 2008) . A study in Nigeria by Ugwuja et al. (2015) also showed similar results in the absence of correlation between BMI and anemia. However, there are studies showing that there is a negative correlation of BMI to anemia in female students categorized in the overweight and obesity status (Saxena et al., 2011) . The absence of a correlation between BFP and Hb levels is similar to a study on adolescent subjects where anemia was not correlated with BMI and BFP. However, in general, obesity remained correlated with low levels of Hb (Bagni et al., 2013) . Table IV shows that WC and WHR are correlated with hemoglobin levels. WC (r=0.238, p=0.017) and WHR (r=0.483, p=0.000) correlated weakly to the hemoglobin level with positive correlation direction. It can be concluded that the larger the WC and WHR, the higher the Hb level will be. The WC correlates weakly to the hemoglobin level with positive correlation. It can be concluded that the larger the WC, the higher the Hb level will be. The results of this study do not match with the study on the females in India that concluded that the central obesity group based on the WC is more at risk of anemia (Hemamalini, 2013) .
The results of this study show a difference in Hb levels between the obese respondents and the normal respondents based on the WHR measurements. The hip waist circumference ratio (WHR) reflects abdominal obesity and is more often associated with cardiovascular risk. There are only few studies that discuss the WHR relationship to anemia in detail. Several studies have reported that females with central obesity who are reflected by WHR have an increased risk of anemia. This study shows that the WHR has a moderate positive correlation to Hb levels. This means that the higher the WHR (the risk of abdominal obesity), the higher the Hb levels are. Therefore, the results of the study are not in accordance with the studies that have been done previously (Qin et al., 2013; Gartner et al., 2013) .
This study measures the correlation so that perhaps at a certain point, the high number of WC and / or WHR will reach a saturation point against the Hb level considering the weak correlation. Therefore, obesity subjects will not necessarily reduce the risk of anemia. Table III also shows that the median of the obese group has lower Hb levels than the normal group. This may mean that the higher the waist circumference and RLPP to the optimum limit, the higher the Hb levels. Further studies to see the optimal value are needed. Sinha and Haldar's study (2015) suggests that increased waist circumference and WHR are assumed to have a good nutritional intake so as to increase the Hb levels. However, the cardiovascular risk should also be noted.
A study in China by Qin et al. (2013) concluded that in China, females with obesity/overweight or central obesity are more likely to have anemia than the female subjects with normal anthropometry. This especially increased in older patients. The results of the study on female students show a significant difference between the BMI, BFP, and WHR values in the anemia group and non-anemia group. Supporting data suggest that low physical activity of female students increases the risk of obesity and low oxygen absorption, thus lowering serum oxygen levels resulting in decreased hemoglobin levels (Mohamed and Alhessain, 2012) .
So far, the studies that have been done about the correlation of anemia to obesity are actually anemia with Fe levels measurement. Obesity which is an excess of nutrient and calorie intake will affect homeostasis in adipose tissue, liver, and iron homeostasis; obesity also reduces the absorption of Fe in the small intestine (Zimmermaann et al., 2008; Aigner and Datz, 2014) . Anemia is more affected by eating style, age, and gender. The economic status also affects the anemia condition because the economic status will also affect nutrient intake (Alvarez-Uria et al., 2014; Gartner et al., 2013) .
Other factors that can affect anemia are eating style, food type, location of residence, education level, and economic status. This study was conducted in Cangkringan which is a plateau so it enables the risk of bias. People who live on a plateau have lower oxygen need than people who live in lowlands so that the Hb levels may decrease according to the serum oxygen levels (Ugwuja et al., 2015; Mohamed and Alhessain, 2012) .
CONCLUSION
Increased WC and WHR will decrease the risk of anemia if seen from Hb levels, in which WHR correlation to Hb levels is higher than the WC, and both have weak correlational strength. Further studies are needed to see the boundary of WC and WHR to Hb levels, the influence of other factors on Hb levels such as socioeconomic factors as well as eating style. Other parameters besides hemoglobin such as iron also need to be examined to predict the condition of anemia.
